Background and Purpose-The frequency and pattern of symptomatic recurrence of spontaneous intracranial arterial dissection (IAD) are unknown. Methods-A follow-up study of 143 patients (85 men, 58 women; mean age, 50.7 [7-83] 
S
pontaneous intracranial cerebral arterial dissection (IAD) has been attracting increasing attention as a cause of stroke. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] This entity is mainly divided into 2 types based on clinical manifestations: hemorrhagic type causing subarachnoid hemorrhage (SAH) by rupture of IAD, and nonhemorrhagic type presenting with headaches or symptoms caused by hemodynamic or thromboembolic brain ischemia. For patients with SAH, most neurosurgeons recommend early repair of the affected vessels either by open surgery or by endovascular technique, 1,2,4,6-8 whereas conservative treatment has been advocated for unruptured IAD based on the recognition that such cases follow a relatively benign course. 3, 5, 9, 11 However, the long-term clinical course of IAD, which should influence clinical decision-making, is poorly understood. 12 A detailed analysis of a series of 143 patients with acute IAD, including 13 cases in which tissues of IAD vessels could be obtained at surgery or at autopsy, is presented. In addition to the long-term follow-up information, a comparative analysis of their clinical course and histological findings was performed to gain insight into the mechanisms of this disease along its time course.
Patients and Methods
From April 1980 to December 2000, 143 consecutive patients with acute IADs were seen at our institutions. Cerebral angiography and computed tomography scans were performed in all cases for the diagnosis, and MRI was obtained in some cases to detect intramural hemorrhage. All cases satisfied 1 of the 3 diagnostic criteria for acute IAD: (1) the typical pearl and string or double lumen sign at a nonbranching site of the intracranial cerebral arteries on angiography; (2) fusiform dilatation with retention of contrast medium or angiographic steno-occlusive lesions accompanied by intramural hemorrhage detected on MRI at the same region; or (3) histopathologically confirmed IAD. No obvious atherosclerotic changes were found in other intracranial arteries in any of the patients.
We defined symptomatic recurrence as any neurological symptoms attributable to recurrent arterial dissections after initial stroke. Thus, this definition includes three different forms of recurrent IAD, which are redissection of the same IAD, de novo formation of IAD, and chronic transformation of previously diagnosed IAD.
Medical records including all available imaging studies were reviewed. All patients were first contacted by letters and then by interviews or phone calls to collect follow-up information. In some cases, information was obtained indirectly through local physicians, hospital records, autopsy records, or death certificates. When available, angiograms obtained during the follow-up period were also reviewed. Follow-up information was obtained for all 143 patients. The study was approved by the internal review board of each hospital.
IAD vessels were obtained at surgery in 6 cases and at autopsy in 7. For histological examination, the tissues were fixed in 10% buffered formalin and embedded in paraffin. Four-micrometer thick tissue sections were made and stained with hematoxylin and eosin, elastica van Gieson, and elastica Masson stains. Histopathological findings on axial slices at the site with the maximum arterial diameter were used as representative findings. The degree of subadventitial or subintimal hemorrhage was classified into 4 groups based on the ratio of the area occupied by the hemorrhage relative to the whole area of the pseudolumen: none (<15%), slight (15%-30%), moderate (30%-50%), and severe (>50%). The degree of internal elastic lamina (IEL) fragmentation was classified into 4 groups based on the ratio of the portion lacking IEL relative to the whole circumferential length: none (<15%), slight (15%-30%), moderate (30%-50%), and severe (>50%). The degree of disruption of the media by intramural hemorrhage or its replacement by granulation tissue was classified based on the ratio of the occupied area relative to the whole area of the pseudolumen: none (<15%), slight (15%-30%), moderate (30%-50%), and severe (>50%). The degree of intimal hyperplasia was assessed based on the ratio of the portion accompanied by intimal hyperplasia relative to the portion lacking in IEL: none (<15%), slight (15%-30%), moderate (30%-50%), and severe (>50%).
The relation between recurrent arterial dissection and several risk factors was assessed on univariate analysis with the χ 2 test or Fisher exact probability test. The threshold of significance was set at 0.05. All calculated P values were 2-tailed.
Results
The ages of the 143 patients ranged from 7 to 83 years (mean, 50.7 years). There were 85 men and 58 women (Table 1) . IADs were located in the anterior circulation in 31 cases: internal carotid artery in 8; anterior cerebral artery in 11; middle cerebral artery in 11; and posterior communicating artery in 1. The posterior circulation was affected in 112 cases: basilar artery in 7; vertebral artery in 99; posterior cerebral artery in 1; and posterior inferior cerebellar artery in 5. Multiple vessel dissections, consisting of bilateral vertebral artery lesions or vertebral artery and basilar artery lesions, were present in 21 (Supplemental Table 1 ). The patients were divided into 2 groups based on their initial presentation: the hemorrhagic group presenting with SAH (86 patients, 60%), and the nonhemorrhagic group presenting with headache or neurological symptoms caused by brain ischemia (57 patients, 40%). The more patients with nonhemorrhagic IADs were diagnosed later in this study, as more MRI examinations have been performed (Supplemental Figure 1) . The mean ages of the hemorrhagic and nonhemorrhagic groups were 52.8 and 47.5 years, respectively. Male patients were predominant in both hemorrhagic and nonhemorrhagic groups, with male/female ratios of 50/36 and 35/22, respectively. The vertebral artery was preferentially affected: 74.4% in the hemorrhagic group, and 61.4% in the nonhemorrhagic group. Male dominance was observed among patients with posterior circulation IAD (male/female=68/44), but not in those with anterior circulation IAD (male/female=17/14).
Follow-up periods ranged from 1 day to 25 years (mean, 8.2 years). Of the 86 patients in the hemorrhagic group, 54 (63%) were treated surgically with proximal clipping of the parent artery in 26, trapping in 17, wrapping in 3, base clipping in 4, and transarterial embolization in 4. The remaining 32 patients were treated conservatively. Of the 86 hemorrhagic group patients, 47 (55%) recovered well, 14 recovered with severe disability, and 25 (29%) died. Of the 57 patients in the nonhemorrhagic group, 45 (79%) were managed conservatively, and 12 (21%) underwent surgical intervention. Overall, 51 of the 57 patients (89%) made a good recovery, 6 recovered with severe disability, and none died. Survival outcomes did not differ significantly between patients with anterior circulation lesions and those with posterior circulation lesions. The clinical characteristics of the 47 patients (32.9%) developing symptomatic recurrence are shown in Table 2 . The recurrence occurred 0 day to 7 years after the initial dissection. Of 86 cases initially presenting with hemorrhage (SAH), 35 developed hemorrhagic recurrence with a mean interval of 4.8 days (range, 0-26 days), and 2 developed nonhemorrhagic recurrences after 21 and 85 months, respectively: one patient developed uncontrollable hemifacial spasm because of gradual progression of a large dolichoectatic aneurysm ( Figure 1A and 1B), and the other had a minor embolic stroke because of recanalization of the occluded middle cerebral artery by dissection. Of 10 patients initially presenting with nonhemorrhagic symptoms, 1 developed SAH 4 days after the initial ischemic event (Supplemental Figure 2A -C), and 9 developed nonhemorrhagic recurrence with a mean interval of 8.6 months: 5 patients developed new major strokes ( Figure  1C and 1D) , and the other 4 had new minor strokes caused by occlusion of perforating arteries. In the hemorrhagic group, patients >50 years of age were more likely to have recurrent dissections (P=0.0100). Furthermore, patients with World Federation of Neurologic Surgeon's clinical grade >3 also tended to recur (P=0.0093). In the nonhemorrhagic group, patients with internal carotid artery lesions were more likely to have a recurrent dissection (P=0.0158), and those with National Institute of Health Stroke Scale scores >6 tended to have recurrence (P=0.0383; Table 3 ). Pathological specimens were obtained from 9 untreated patients with hemorrhagic onset, 3 untreated patients with nonhemorrhagic onset, and 2 patients with hemorrhagic onset who were treated by proximal clipping or by trapping. There were no patients with past medical history of systemic connective tissue disease, vasculitis, and other vasculopathies. The time to histological examination from the initial onset varied from 0 days to 8 months (Table 4 ). In the pathological specimens, there was no evidence of an underlying vasculopathy predisposing to IAD. Particularly in 7 autopsied patients, 6 patients suffered from early hemorrhagic recurrence. Complete investigation of systemic blood vessels in them did not show any underlying vasculopathy predisposing to IAD and recurrence. Four characteristic features were identified: (1) IEL disruption and intramural hemorrhage (IMH) causing additional medial disruption; (2) 
Discussion
The present study demonstrated that IAD is a disease carrying a relatively high risk of symptomatic recurrence (33%), which occurs in 3 phases: early recurrence within 1 month, mainly causing hemorrhagic events; late recurrence mainly presenting with nonhemorrhagic symptoms; and chronic fusiform aneurysm transformation. Late recurrence did occur, even long after the first year from the initial dissection, reflecting the slow process of this disease. Having lacked sufficient long-term follow-up studies, late recurrence of IAD has not been well recognized to date, and the prognosis of patients with IAD surviving the first month after the initial event has been presumed to be good. The results of the present study, however, indicate that closer follow-up for such patients would be necessary to monitor possible recurrences. The type of recurrences followed the pattern of the initial event in the vast majority: 35 of 37 (95%) of recurrences in initially hemorrhagic cases developed hemorrhagic recurrences, and 9 of 10 (90 %) recurrences in initially nonhemorrhagic cases had nonhemorrhagic recurrences. However, a transition from one type to another did occur in a small number of cases (6.4%). There was 1 case in the present series that initially presented with nonhemorrhagic symptoms and later developed SAH, and there were also 2 cases that initially presented with hemorrhage and later developed nonhemorrhagic symptoms. There have been sporadic case reports describing similar cases, and the present study of a large consecutive series confirmed that such a phenomenon can be observed in a small portion of patients with IAD. In one of the present cases, a transition from hemorrhagic to nonhemorrhagic led to the formation of chronic fusiform/dolichoectatic aneurysms 7 years after the initial event. Although such a possibility seems to be even less frequent, this case suggested that the underlying mechanisms are similar between arterial dissections and dolichoectatic aneurysms. Similar cases were reported by Dohi et al with vertebral artery dissection and by Tomasello et al with dissection at a distal branch of the middle cerebral artery. 13, 14 Recanalizing vessel formation in thickened intima
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ACA, indicates anterior cerebral artery; BA, basilar artery; H, hemorrhagic onset; IAD, intracranial arterial dissection; ICA, internal carotid artery; IEL, internal elastic lamina; Lt, left; N, nonhemorrhagic onset; NA, autopsied specimens were not available; PICA, posterior inferior cerebellar artery; Rt, right; VA, vertebral artery; (−), none; (+/−); slight; (+), moderate; (++), severe.
*These patients did have early hemorrhagic recurrence. †These patients showed aneurysmal growth. Note that all the 3 IAD vessel tissues with nonhemorrhagic onset contained both subintimal and subadventitial hemorrhages.
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Histological examination demonstrated several changes that apparently occurred after a specific time course. The universal histological observations of the IAD vessels were IEL disruption and medial disruption by IMH. Therefore, these 2 changes probably were among the earliest processes of acute IAD formation. The next most common finding was replacement of IMH within the pseudolumen by granulation tissue. Notably, this pathological finding was not usually found in IAD vessels obtained at an acute stage, but it was observed in samples obtained >14 days after onset. The third most common and obvious change was compensatory intimal thickening around the pseudolumen, which was observed in IAD vessels obtained >26 days after the initial event. Finally, recanalizing vessel formation within the thickened intima was observed in vessels obtained >30 days after the initial event, which led to chronic fusiform aneurysm formation. It was noteworthy that medial disruption and subadventitial hemorrhage were observed in IAD vessels from a patient presenting with cerebral ischemia. These changes were generally considered to be specific to the hemorrhagic dissection, but the present findings indicated that some nonhemorrhagic dissections could cause recurrent hemorrhagic dissection through such changes.
Based on the findings presented here, we propose the following hypothesis for the mechanism of cerebral arterial dissection and its recurrence to explain the observed clinical course. The first change in IAD seems to be IEL and medial disruption. Some of the nonhemorrhagic dissections at this stage carry the risk of evolving into hemorrhagic dissection before initiation of the repair process. The earliest repair process seems to be replacement of intramural hemorrhage within the pseudolumen by granulation tissue, which is rapidly followed by intimal hyperplasia possibly occurring as a compensatory reaction to the damage. This process might start around 14 days after onset, but probably does not restore sufficient strength to the vessel wall. Therefore, the risk of rebleeding remains even after 21 days and would lead to hemorrhagic recurrence within a month. When intimal thickening reaches a sufficient level to prevent further medial dissection, neovascularization within the thickened intima seems to start, which can be as early as 30 days after onset. The new vessels within the intima seem to be fragile and cause repetitive intramural hemorrhage, which leads to the formation of chronic fusiform and dolichoectatic aneurysms as demonstrated in our previous study. 15 Although further studies are needed to confirm this hypothesis, knowledge of this possible mechanism of formation, repair, and recurrence of IAD and their possible clinical manifestations would help understand the clinical features of IAD at different stages and would also help determine the appropriate treatment strategy.
One limitation of this study needs to be acknowledged. The study included only Japanese population which limits the generalizability of the results. The risk of symptomatic recurrence could be affected by the incidence of IAD. In fact, majority of the reported case series of IAD were from Asia. 12, 16, 17 Therefore, caution must be applied in extrapolating the symptomatic recurrence in our cohort to other populations.
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Graph showing the number of cases of hemorrhagic and non-hemorrhagic IAD, and magnetic resonance imaging (MRI) in chronological order. 
